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Abstract 
This paper aims to design of a smart displacement measuring technique using Linear Variable Differential 
Transformer (LVDT). The objectives of this work are to (i) extend the linearity range of LVDT, (ii) eliminate the 
dependence of physical parameters of LVDT, (iii) eliminate the affect of input frequency and (iv) eliminate the effect 
of working temperature on the output of LVDT. The output of LVDT is differential ac voltages in secondary coils. It 
is converted to dc voltage by using a suitable data conversion circuit. An ANN block is added in cascade to data 
conversion unit. This arrangement helps to extend linearity range of the overall system and makes it independent of 
physical parameters of LVDT, input frequency and working temperature. Since the proposed smart displacement 
measuring technique produces output independent of physical parameters of LVDT, input frequency and working 
temperature, thus the present work avoids the requirement of repeated calibration every time the LVDT, input 
frequency or working temperature is varying. 
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1. Introduction 
Measuring displacement is a critical need in many processes. Many sensors are used for this purpose 
like potentiometer, capacitance picks, LVDT etc; LVDT finds a very wide application because of its high 
sensitivity and ruggedness. However, the problems of offset, non-linear response characteristics, 
dependence of output on the physical parameters of LVDT and the effect of ambient temperature have 
restricted its use and further impose some difficulties. Several techniques have been suggested in 
literature to overcome the difficulties faced due to the nonlinear response characteristics of the LVDT, but 
these are tedious and time consuming. Further, the process of calibration needs to be repeated every time 
the physical parameters like the number of primary and secondary winding, dimensions of primary and 
secondary winding etc are changed. The problem of nonlinear response characteristics of an LVDT 
further aggravates the situation when there is a change in environmental conditions as the output of 
LVDT depends on ambient temperature as well.  
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To overcome the above difficulties, a smart displacement measurement technique is proposed in this 
paper using artificial neural network. This network is trained to obtain linearity and make the output 
independent of physical parameters of LVDT, input frequency and temperature.  
Literature review suggests that a numerical method of designing the LVDT is discussed to compensate 
the effect of temperature in [5]. In [6], the computational algorithm for LVDT is discussed. Signal 
conditioning circuit with the help of FFT & DSP algorithms are discussed in [7] & [8]. In [9]&[12], 
linearization of LVDT is discussed using ANN algorithms. In [10], LVDT is made linear using the least 
mean square method. In [11], non linearity of LVDT is compensated using radial basis function.  
The paper is organised as follows: after introduction in Section-1, a brief description on LVDT model 
is given in Section-2. The output of the LVDT is AC voltage; summary on data conversion i.e. RMS to 
DC converter is presented in Section-3. Section-4 deals with the problem statement followed by proposed 
solution in Section-5. Finally, result and conclusion is given in Section-6 
2. LVDT 
LVDT is used to measure linear displacement. LVDT operates on the principle of a transformer. As 
shown in Fig 1, an LVDT consists of a coil assembly and a core. The coil assembly is typically mounted 
to a stationary form, while the core is secured to the object whose position is being measured. The coil 
assembly consists of three coils of wire wound on the hollow form. A core of permeable material can 
slide freely through the center of the form. The centre coil is the primary, which is excited by an AC 
source as shown. Magnetic flux produced by the primary is coupled to the two secondary coils placed on 
both sides of primary coil, inducing an AC voltage in each secondary coil. 
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Fig 1. (a)LVDT schematic diagram (b) cross-section of LVDT  
 
The relations of LVDT can be given by following 
equations [1-3]. The RMS value of secondary coil 1 and 2 are given by eqn (1) and eqn (2), with respect 
to Fig 1. 

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(2) 
 
 
 where Ip is the primary current for the excitation Vp  
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 x1- distance penetrated by the armature towards the secondary coil 1 
x2- distance penetrated by the armature towards the secondary coil 2 
np- number of primary windings 
ns- number of secondary winding 
f – frequency of primary excitation 
 
Taking La = 3b, the differential voltage v is thus given by v1~v2 
 
 
(3) ; x= (x1-x2)/2 
   
(4) 
  
  
Lp- primary inductance 
Rp – Primary resistance 
  
The relation of inductance on variation of temperature [4] can be given by  
Lt = Lto (1+Į (t-to)) 
Lt – Inductance at t oC 
Lto – Inductance at to oC 
Į – temperature coefficient 
The variation of Rp for change in temperature is not considered, since Rp itself is very small. 
3. Data Conversion Unit 
The block diagram representation of the proposed smart displacement measuring technique is given in Fig 
2 
 
Fig 2. Block diagram of the proposed technique 
 
LVDT’s output signal is converted by a ‘LTC1967 true RMS to DC converter’ to a DC signal 
that is linearly proportional to the displacement of the LVDT core. The LTC1967 is a true RMS-to-DC 
converter that uses an innovative delta-sigma computational technique. The benefits of the LTC1967 
proprietary architecture are higher linearity & accuracy, bandwidth independent of amplitude and 
improved temperature behavior when compared to conventional log-antilog RMS-to-DC converters.  
4. Problem Statement 
In this section characteristics of LVDT are simulated to understand the difficulties associated with the 
available measuring scheme. For this purpose, simulation is carried out with three different ratios of coil 
outer and inner. These are (ro/ri) = 2, 4 and 6. Three different values of ratio of length of primary coil and 
secondary coil (b/m) are considered. These are b/m = 0.25, 0.5 and 0.75. Three different primary winding 
turns are taken. These are np = 100, 200 and 300. Three different secondary windings are taken. These are 
ns = 100, 200 and 300. Three different frequencies are considered. These are f = 2.5 KHz, 5 KHz and 7.5 
857 Santhosh K. V. and B K Roy /  Procedia Technology  4 ( 2012 )  854 – 861 
KHz. Different temperatures, like t = 25 oC, 50 oC and 75 oC are used to find the output of LVDT with 
respect to various values of input displacement considering a particular set of parameter of LVDT, 
frequency and temperature. These output voltages from LVDT and voltage after conversion using RMS to 
DC converter are plotted below. 
The MATLAB environment is used for simulation. 
 
0 0.02 0.04 0.06 0.08 0.1
0
1
2
3
4
5
Displacement in meter
V
ol
ta
ge
 in
 v
ol
ts
t = 25 C
t = 50 C
t = 75 C
0 0.02 0.04 0.06 0.08 0.1
0
1
2
3
4
5
Displacement in meter
V
ol
ta
ge
 in
 v
ol
ts
t = 25 C
t = 50 C
t = 75 C
 
 
Fig 3. (a) Output of LVDT and (b) data conversion circuit for variation of displacement and temperature with frequency =  7.5 KHz, 
ro/ri = 2 , b/m= 0.75, np = 300, ns= 300. 
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Fig 4. (a) Output of LVDT and (b) data conversion circuit for variation of displacement and frequency with, ro/ri = 2, b/m=0.75, np = 
300, ns= 300, temperature = 75 oC. 
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Fig 5. (a) Output of LVDT and (b) data conversion circuit for variation of displacement and ro/ri, with b/m=0.75, np = 100, ns= 300, 
temperature= 75oC, frequency = 7.5 KHz. 
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Fig 6. (a) Output of LVDT and (b) data conversion circuit for variation of displacement and b/m with np = 300, ns= 300 temperature 
= 25oC, frequency = 2.5 KHz, ro/ri = 2. 
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Fig 7. (a) Output of LVDT and (b) data conversion circuit for variation of displacement and ns with temperature = 75 oC, frequency 
= 2.5 KHz, ro/ri = 2, b/m = 0.75, np = 100. 
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Fig 8. (a) Output of LVDT and (b) data conversion circuit for variation of displacement and np with temperature = 50 oC, frequency 
= 5 KHz, ro/ri = 2, b/m = 0.75, ns = 200. 
 
Fig 3 to Fig 8 show the variation of voltages with the change in input displacement considering 
different values of frequency, physical parameters of the LVDT and temperature. It has been observed 
from the above graphs that the relation between input displacement and voltage output has a non linear 
relation. Datasheet of LVDT suggests that the input range of 10% to 80% of full scale is used in practice 
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as linear range. The output voltage also varies with the change in mutual inductance, frequency and 
temperature. These are the reasons which have made the user to go for calibration techniques using some 
circuits. These conventional techniques have a drawback that its time consuming and need to be 
calibrated every time an LVDT is changed in the system, variation of environment conditions like 
temperature and the use is restricted only to a portion of full scale for linear operation.  
To overcome these drawbacks, this paper makes an attempt to design a smart displacement measuring 
technique incorporating intelligence to produce linear output and to make the system independent of 
physical parameter of LVDT, input frequency and temperature using the concept of artificial neural 
network. 
5. Problem Solution 
The problem stated above is solved by using an ANN. The first step in developing a neural network is 
to create a database to train and validate the network. The output voltages of the system for the change in 
displacement, physical parameters of LVDT, frequency and temperature form the input matrix; target 
matrix would be the expected linear response of LVDT as shown in Fig 9(b). After many tests of different 
ANN models the present model as shown in Fig 9(a) is obtained with 5 number of layers having 6, 5, 7, 6 
and 6 neurons in each layer respectively. For training Levenberg–Marquardt algorithm (LMA) is used.
LMA provides a numerical solution to the problem of minimizing a function, generally nonlinear, over a 
space of parameters of the function [13], [14]. 
 
Fig 9.(a) Neural Network Architecture, (b) Target graph 
The functionality of ANN can be explained as given below. First the data is initialized; like training 
base (70%), test base (15%), validation base (15%), number of layers and neurons, type of the transfer 
functions, number of iteration and estimate error threshold. The network is trained to compute the 
weights. Once the weights are computed, it is verified to have mean square error (MSE) is less than 
estimate error threshold (Th) for at least 10 consecutive readings. If the above condition is satisfied the 
whole model is saved, else the iteration for updates of ANN parameters continue till it reaches the 
maximum value and then the model is saved with cautioned that desired performance has not reached. 
Else the system will accept a new set of data to satisfy the conditions. After the network is trained, Th is 
the estimate error threshold, and Mean Squared Error (MSE) is the average squared difference between 
outputs and targets. Lower value of MSE is better. Zero MSE means no error. Regression R measures the 
correlation between outputs and targets. An R value of 1 means a close relationship, 0 a random 
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relationship. With these details the network is trained, validated and tested. Table 1 summarises the 
various parameters of the measured network model. 
Table 1: Network model 
OPTIMIZED PARAMETERS OF THE NEURAL NETWORKS MODEL 
Database 
Training base 140 
Validation base 30 
Test base 30 
No of neurons 
Hidden  layer 1 6 
Hidden  layer 2 5 
Hidden  layer 3 7 
Hidden  layer 4 6 
Hidden  layer 5 6 
Output layer 1 
Transfer 
function 
Hidden  layer 1 tansig 
Hidden  layer 2 tansig 
Hidden  layer 3 tansig 
Hidden  layer 4 tansig 
Hidden  layer 5 tansig 
Output layer linear 
In
pu
t 
 Displacement ro/ri b/m Frequency Temp np ns 
Min   0 mm 2 0.25 2.5 KHz 0oC 100 100 
Max 100 mm 6 0.75 7.5 KHz 75oC 300 300 
MSE 
Training 8.41E-08 
Validation 0.24E-07 
Test 0.93E-08 
R 
Training 0.999985 
Validation 0.9999687 
Test 0.9999980 
6. Result and Conclusion 
As discussed, ANN is trained, validated and tested with the simulated data. Once the training is over, 
the system with LVDT along with other modules in cascade as shown in Fig. 2 is subjected to various test 
inputs corresponding to different displacement at a particular physical parameter of LVDT, excitation 
frequency and working temperature. For testing purposes the range of displacements is considered from 0 
to 100 mm, the range of ratio of outer to inner coil diameter is 2 to 6, the range of ratio of length between 
primary to secondary coil is 0.25 to 0.75, range of frequency is 2.5 KHz to 7.5 KHz, range of primary 
winding turns 100 to 300, range of secondary winding turns 100 to 300, and the range of temperature is 0 
oC to 75 oC. Variation in the output voltage of a particular displacement for variation of working 
temperature is taken and in the present measuring technique. The working voltage is measured and fed as 
an input to ANN. The outputs of system with ANN were noted corresponding to various input 
displacements with particular values of physical parameters, frequency and temperature within the range. 
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The input output result is plotted and is shown in Fig. 10. The output graph is matching with the target 
graph as shown in Fig. 9(b). 
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Fig 10 Response of the system for change in displacement 
 It is evident from the Fig. 10 that the proposed measuring technique presented here has incorporated 
smartness to the LVDT; it has increased the linearity range of the LVDT. Also the output has been made 
independent of the physical parameters of LVDT, excitation frequency and working temperature. Thus, if 
the LVDT is replaced having different physical parameters and or frequency of operation is changed and 
or working temperature, the system does not require any calibration. The present paper is compared with 
the similar reported works in [5-12]. In the present paper, output of LVDT has been made independent of 
physical parameters of LVDT, excitation frequency and working temperature which is substantive 
improvement over the earlier reported works. 
Measurement noise is not considered in the present work. Performance of proposed measuring 
technique in presence of measurement noise will be taken up in future. An embedded system will be 
attempted incorporating the design technique to make it suitable for practical application. 
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